U Abstract Extra-pair paternity (EPP) is extremely variable among species of birds, both in its frequency and in the behavioral events that produce it. A flood of field studies and comparative analyses has stimulated an array of novel ideas, but the results are limited in several ways. The prevailing view is that EPP is largely the product of a female strategy. We evaluate what is known about the behavioral events leading to EPP and find the justification for this view to be weak. Conflict theory (derived from selection theory) predicts that adaptations in all the players involved will influence the outcome of mating interactions, producing complex and often highly variable patterns of behavior and levels of EPP. Data support some of these predictions, but alternative hypotheses abound. Tests of predictions from conflict theory will require better information on how males and females encounter one another, behave once they have met, and influence fertilization once insemination has occurred.
INTRODUCTION
More than 30 years ago, Trivers (1972) made two bold predictions regarding the consequences of anisogamy for the mating behavior of each sex: (a) Males should behave in ways that increase their opportunities for additional matings, and (b) females should choose a mate that increases the genetic quality of their offspring. At the time, birds seemed a taxon that generally refuted both predictions. After a review of avian breeding systems, Lack (1968) had declared that more than 90% of the 9000+ species were monogamous, with strong social associations between members of a pair and high levels of biparental care. Thus, male birds apparently had little opportunity for additional copulations, and female mating behavior appeared to be directed toward finding a suitable place for breeding or a partner for raising young rather than a high-quality sire. In birds, some of the selective forces arising from anisogamy seemed to be suppressed.
Yet We found 18 comparative studies of potential factors explaining interspecific variation in the level of EPP (Table 1) . Several types of variables correlate with EPP across species, ranging from ecological factors, morphological and behavioral traits, and aspects of population genetics. Some of these have very marked effects. found that 85% of the interspecific variation in EPP levels was explained by only four variables (study sample size, body size, sexual dichromatism, and genetic variability).
Four points must be considered when interpreting the results of these comparative studies. First, estimates of EPP are subject to substantial sampling variation (Griffith et al. 2002) . For example, more than half the studies used by have sampling errors that exceed 20%, making it impossible for any set of factors to explain 85% of the actual variation in EPP. Second, it is difficult to separate cause and effect in comparative studies: some variables may have a causal effect on EPP, whereas others may result from the consequences of EPP. For few of the factors listed in Table 1 can one predict, based on theoretical principles, the fSpecies-specific data used.
gDescribed by authors as the probability of a pair surviving to breed in the following year. hResult when using molecular phylogeny; 28% when using morphological phylogeny.
'From a multiple regression including developmental mode, degree of polygyny and frequency of second broods as nonsignificant variables.
JBut see Dale 1995, Moller & Birkhead 1995.
kNo effect of posthatching care, but males tend to undertake a greater share of incubation in species with low EPP.
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WESTNEAT 0 STEWART direction of the causal relationship. Take, for example, the negative association between EPP levels and the amount of male care. A common interpretation of this relationship is that males have a higher benefit to caring if they have higher paternity (e. We suggest that the best approach to understanding this variation is to tease apart the factors influencing the interactions among the three or more parties involved. Our conceptual approach is rooted in sexual conflict theory (Parker 1979 (Parker , 1984 
Female Pursuit
The female is a pivotal player in the interactions leading to EPP. The difficulty with interpreting forays as a female reproductive tactic is that a female could move off territory for reasons other than to copulate with an extra-pair male. For example, female boat-tailed grackles (Quiscalus major) leave nesting areas defended by the alpha male and travel to peripheral areas where they gather nesting material. There, males approach them and attempt to mount (Poston 1997 ). Paternity analyses revealed that often males away from the colony are the sires of offspring (Poston et al. 1999) . Given the possible alternative function of foraying for nesting material, it is very difficult in this case to claim that females foray as part of a mixed reproductive strategy. Similar events may occur in other species but could be more cryptic. For example, the demand for specific nutrients during the egg-laying period may prompt females to seek out uncommon food types that are restricted to certain locations ). While there, females could encounter extra-pair males. Whether the foray constitutes a mixed reproductive strategy depends on whether benefits of EPP are the main fitness consequence.
No study has explicitly eliminated alternative functions for female forays, but some behavioral observations suggest that their primary function, at least, is to seek copulations. In superb fairy-wrens (Malurus cyaneus), for example, radio transmitters were used to track females as they left their mate's territory before dawn and visited other males. Females moved directly to the extra-pair territory and then returned home immediately (Double & Cockburn 2000). Although copulations could not be seen that early in the day, males in the visited territory sired some of the female's offspring. In black-capped chickadees (Parus atricapillus) (Smith 1988 These observations strongly suggest that some females pursue EPCs and that some EPP results from this mixed reproductive strategy. However, how often this occurs is not clear. A striking feature of Table 2 is how few extra-pair events have been witnessed in even the most thoroughly studied species. Only one study has specifically linked forays by particular females with EPP, and even then exactly how copulation occurred was not observed (Double & Cockburn 2000) . No study has gathered sufficient data on both female forays and paternity to demonstrate what proportion of EPP occurs through female pursuit. Female pursuit might not be the only route to EPP within a population; males often foray as well in the same populations (Table 2) How nonpreferred extra-pair males could respond to female forays has also not been addressed. Nonpreferred males might be expected to pursue and harass EXTRA-PAIR PATERNITY IN BIRDS 379 females wherever they encounter them. Wagner (1998) predicted that one potential response of nonpreferred males would be to cluster around preferred males. Such spatial clumping of males for EPCs is an intriguing possibility that has not been tested. Even if extra-pair males do not cluster, they could still focus their forays along the territory boundaries of preferred males where they could intercept and harass prospecting females or even interrupt EPCs. Alternatively, some males could adopt a strategy of floating to maximize their encounters with fertilizable females (e.g., Ewen et al. 1999, Kempenaers et al. 2001 ). This could lead to higher chances of these males obtaining copulations with foraying females. No study, to our knowledge, has examined this possibility in any depth, although there is some supporting evidence. Even though females foray in superb fairy-wrens, blue tits, chaffinches, black-capped chickadees, and hooded warblers (Wilsonia citrina), males of these species also intrude onto the territories of other males, where they approach females, display to them, and sometimes copulate (Table 2) 
Female Responses to Male Pursuit
A central issue when males initiate extra-pair events is whether or not this produces a conflict gradient on females. Females might benefit from male-initiated EPCs or they might not. In no case has the cost of an EPC per se been measured independently of the consequences of how females respond to males. Even in waterfowl, where aggressive copulation attempts by males lead to clear cases of female injury or even death (McKinney & Evarts 1998), it is difficult to ascribe these costs to the attempted copulation itself because in most events both copulation and female resistance occur together. The fact that females resist so vigorously implies that allowing a male to obtain an EPC is costly, but definitive data are needed.
Female responses to male pursuit vary widely within and among species, but can be broadly categorized as cooperation or resistance. For example, in white ibis (Eudocimus albus) (Frederick 1987) and common murres (Birkhead et al. 1985) , females sometimes cooperate with EPC attempts by holding still and exposing their cloaca during mounting, whereas other times they disrupt mountings by simply standing up. Active female resistance to EPC attempts may also involve moving away from or pecking at the extra-pair male and giving alarm calls (e.g., Westneat 1992).
One explanation for variation in resistance is that females benefit from EPCs with some males but not with others. Differential resistance to an extra-pair male could be a female ploy to manipulate who sires her offspring (Eberhard 1996, (1996) predicted that if females were manipulating EPCs, there would be no relationship between the operational sex ratio (OSR) and EPP, that male age alone would predict the likelihood of cuckoldry and that mateguarding intensity would not be influenced by OSR. The data fit these predictions, and the authors concluded that females were manipulating EPP through subtle acceptance of EPCs from older males. However, these predictions might also arise from the cost-avoidance hypothesis. Older males may be able to coerce females more effectively, in which case the OSR would have no influence on EPP or on mate-guarding behavior. If older males were also effective at ensuring paternity (either through more effective mate guarding, coercion of their social mates, or better timing and frequency of copulation), then they would also have higher paternity. Although female manipulation is possible in purple martins, the available data are insufficient to eliminate the cost-avoidance hypothesis.
The major difference between the two hypotheses is in the effect on fitness of a female who partially resists EPCs (Figure 3 Maintaining close proximity to a mate is one possible explanation for both behaviors. In bearded tits, if males are clustered near a resource of value to females, then females may have to approach them and display in order to acquire that resource. None of these studies have explicitly considered alternative hypotheses for female behavior, and so the conclusion that females are manipulating paternity depends partly on the interpretation of the observers.
Lifjeld & Robertson (1992) conducted an experiment testing whether variable female resistance influences paternity. They removed male tree swallows (Tachycineta bicolor) midway through the laying period, allowed a replacement male to settle, and determined the paternity of nestlings fertilized both before and after replacement. They found a correlation in behavior and paternity patterns; if the eggs laid before removal were all sired by the female's social mate, then the female was more likely to resist replacement males and produce eggs sired by the original male. If some EPP occurred before the pair male was removed, females were more likely to accept copulations from replacements, although replacements were not more likely to sire eggs fertilized after removal. These results indicate that females can influence fertilization by their behavior but do not distinguish between the two hypotheses for variable resistance. More importantly, the researchers did not manipulate the presence or identity of extra-pair males. The results could be explained by differences in the abilities of nearby males to coerce females or differences in female ability to resist coercive males because these abilities presumably did not change from before to after removal of the pair male. Overtly coercive copulations have not been seen in tree swallows (Barber & Robertson 1999, Venier et al. 1993), but subtle harassment may be difficult to detect.
Male Response to Female Resistance
Resistance to copulation by females, regardless of its function, is costly to males. Coercion is one way in which males could increase the chances they sire offspring when females are not receptive to them. Whether or not males can coerce a resisting female and achieve fertilization is a controversial topic. McKinney & Evarts (1998) reviewed instances of behavior that could be interpreted as sexual coercion. They adopted the definition of sexual coercion given by Smuts & Smuts (1993) , which is "use by a male of force, or threat of force, that functions to increase the chances that a female will mate with him at a time when she is likely to be fertile ... at some cost to the female. However, Gowaty & Buschhaus' (1998) argument that such mechanisms usually have primacy is based on the assumption that the only fitness consequence of extra-pair events involves the genetic quality of the male. There are two flaws with this argument. First, even if females can reduce fertilization of undesirable males, those mechanisms might not be perfect, and males will be selected to counter them (e.g., Rice 2000). Second, fertilization is the last step in a sequence of events. Because the earlier steps of encountering and copulating with females also have unique fitness consequences and affect the set of males that make it to the fertilization stage, it is possible for coercive males that do copulate to be neutral or even attractive sires for a female's offspring (Westneat 2000). Kokko et al. (2003) modeled the effect of female precopulatory resistance when the act of mating is costly. They noted that a consequence of this resistance may be indirect benefitsthat is, resistance selects for persistent males because only they will be able to overcome the resistance, and such males may produce sons with similar success. What has not been modeled or addressed empirically in any organism is whether females might be predicted to assist fertilization of successfully coercive males even when the net impact of the whole mating interaction (encounter, copulation, and fertilization) is costly (i.e., on the cost avoidance line in Figure 3) .
Conflict theory predicts that male coercion and female resistance will produce a variety of adaptations in each sex that minimize the influence of the other sex on the outcome of these interactions. Males may be selected to narrow a female's options (Gowaty 1996), making copulation the best of a bad situation. Females will be selected to manipulate interactions to limit the influence of males. If mate guarding is subject to conflicting demands, then the level of guarding may be contingent upon an individual's circumstances. One explanation for the greater EPP losses found in males that guard more assiduously is that these males have recognized their vulnerability to cuckoldry and have thus diverted more effort into guarding. They may have one or more neighbors that are particularly persistent, or a mate that is particularly prone to foray (see above). Presumably, paternity losses would be even higher if they guarded less, yet no one has manipulated levels of guarding in such individuals with this specific question in mind.
Frequent copulation has also been proposed as a male tactic that increases paternity ( One difficulty with interpreting frequent copulation as a male tactic for ensuring paternity is that copulation requires some degree of cooperation on the part of the female. Females might cooperate with the pair male if he is of higher quality than the potential extra-pair males. Alternatively, females may benefit from frequent copulations for reasons other than ensuring the pair male's paternity, which could lead to sexual conflict. Negro 
THE ECOLOGY OF EPP IN BIRDS
We have used conflict theory to explore some of the finer details of mating interactions in birds. Can this approach really lead us to understand the ecological basis for incredible diversity in EPP among species? We claim that it can because ecology will affect the costs and benefits received by each of the players and hence selection acting on their traits, thereby affecting what level of EPP emerges from their interactions. Understanding this will not be easy, however, and to date most hypotheses have focused on the effect of ecology on only one player. We expect that habitat type will have a large effect on the success of forays by both sexes, particularly those made surreptitiously. However, vegetation density may well be positively related to food or nest site abundance, and therefore territory quality. This interaction leads to some intriguing tradeoffs that surely deserve attention.
The sexual conflict approach to understanding EPP predicts that some very subtle differences in ecology could produce dramatic differences in the behaviors associated with EPP. It is likely as well that individual factors will have contingent effects. For example, male mate-guarding behavior may be influenced by food supply only if females do not foray, and whether females foray or not could depend on both male parental care and the level of genetic variability in viability reliably signaled by male advertisements. Given that we have as yet no coherent theory on what ecological circumstances produce the latter, there is considerable theoretical and empirical work yet to be done on the ecology of EPP. Interestingly, because EPP emerges from a game, the traits a player does not express are as important to understanding the outcome as those traits players do exhibit. For example, the EPP observed in superb fairy-wrens requires understanding why males apparently do not coerce females (Green et al. 2000) as much as why females foray. Neither theorists nor empiricists have asked these types of questions or confronted the complexity of the three-player game sufficiently to take the field to the next level.
CONCLUSIONS
A second reason for the confusion surrounding the causes of EPP is that genetic studies have become more popular than behavioral ones. In contrast to the situation 20 years ago, paternity data are easier to gather and more abundant than information on the behavioral events that affect paternity. These data have spawned the array of comparative studies that have stimulated new questions about paternity patterns within and between populations. Genetic studies have driven the revolution in our understanding of mating patterns in birds. Yet, knowing the mating patterns of birds is not the same as understanding them. Comparative analyses of EPP are reaching their limits, and correlates of paternity, even within populations, are fraught with interpretational difficulties. These will not be solved until we know more about how mating interactions occur. Our review reveals just how little we know about mating interactions, even in the most thoroughly studied species. Conflict theory highlights how critical such information is to understanding the diversity now apparent in
